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Abstract 
In this paper, the wear and friction properties of surface modified CuO nanoparticles suspension in liquid paraffin have been 
studied. CuO (50nm) nanoparticle was dispersed at 0.2, 0.25, 2 and 3% in liquid paraffin using ultrasonic bath during 1 hour and 
10 minutes for particle modification with Oleic Acid. Wear characteristics were evaluated using four-ball machine for the testing 
conditions of load 40kg at 1200 rpm rotation and 15 min test duration at temperature of 60-70 ºC. The wear scar diameter (WSD) 
was measured by means of optical microscope. The morphologies of the worn surface have revealed that concentrations of 
nanoparticle were improved the friction and wear properties of liquid paraffin. The lowest friction coefficient (COF) was 0.185 
obtained for a nanoparticle content of 0.2% CuO and the highest was for a 3% CuO concentration at 0.247 for liquid Paraffin + 
CuO without modification suspensions. In contrast after modification, the lowest friction coefficient was obtained at 3% CuO 
modified at 0.123 and the highest at 0.2% of CuO modified at 0.158 for liquid paraffin + modified CuO suspensions. Both type 
of nanoparticle suspensions at various concentration have exhibited clearly different friction coefficients. The results indicated 
that the higher concentrate of CuO, the better the tribological properties. All results were analysed according to the nanoparticles 
size and their deposition on wear scar surface. 
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1. Introduction 
During the last few years, nanotechnology has attracted great attention in various research fields because of their 
special physical and chemical properties. In tribology, some nanomaterials were added into lubricating oil to 
improve extreme pressure, anti-wear and friction reduction properties [1]. Cu nanoparticle as additives can 
effectively improve the lubricating properties of 50CC oil [2]. Local high temperature and high pressure due to 
direct contact of two surfaces initiate melting of Cu nanoparticles and forming a copper protective film with low 
nano hardness and elastic modulus on the surface [3]. CuO and ZnO suspensions showed better results at 0.5% and 
2.0 wt. % of nanoparticles [4]. This paper studies the antiwear behavior of CuO nanoparticles suspension with 
various concentrations contents in liquid paraffin with surface modification under mixed lubrication using a four-
ball tribometer and OM analysis of the wear surfaces. 
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2. Experimental Details 
2.1. Nanoparticles and lubricant 
 
The main properties of the nanoparticles, lubricant and specimens used in the experiment are listed in Table 1. 
CuO nanoparticles of 50nm are separately dispersed in the lubricant (liquid paraffin) in concentration of 0.2, 0.25, 2 
and 3% wt. using an ultrasonic bath for 5 minutes. Surface particle modification also taken placed with Oleic Acid 
(Table 1) separately dispersed for 30 min. 
 
Table 1. Material Properties 
 
Materials Properties     
Nanoparticles Morphology Purity (%) Size 
(nm) 
Density 
(g/mol) 
Hardness 
(Mohs) 
Copper (II) Oxide Nearly spherical 99.9 50 79.55 3.5 
Base Oil 
Liquid Paraffin  
Physical Properties 
Density (15.6 °C):30.0 
Viscosity at 40 °C): 
42.80  
At 100 °C): 6.38 
VI: 96 
Flash point: 221 
Pour point: -12 
 
SAE15W-40      
Density at 15 °C):0.888 
g/m3 
Viscosity at 40 °C: 100.1 
At 100 °C: 14.5 
VI: 125.00 
 
   
Oleic Acid Density (g/mol): 
282.47 
At 20°C: 0.890-0.895 
(g/m3) 
Acid volume: 196-202 
 
    
 
    Table 2. The Constituents of Nanoparticle as Lubricant additive 
 
Nanoparticle Standard Oil Additive Solution 
0.2% CuO without modification 90% Oil 10% CuO Solution (0.2% CuO nanoparticle + 99.8% glycol) 
0.25% CuO without modification 90% Oil 10% CuO Solution (0.25% CuO nanoparticle + 99.75% glycol) 
0.2% CuO with modification 90% Oil 10% CuO Solution (0.2% CuO nanoparticle + 89.8% glycol + 10% Oleic Acid) 
0.25% CuO with modification 90% Oil 10% CuO Solution (0.25% CuO nanoparticle + 89.75% glycol + 10% Oleic Acid) 
 
2.2. Antiwear test procedure  
A nanoparticle was purchased from an industrial company in Malaysia. All test components were cleaned with 
toluene alcohol used in the experiment for 3 min and dried with hot air before and after test. CuO nanoparticle was 
dispersed primarily using ultrasonic bath for 5 min with the mixture of certain concentration and glycol. The bottle 
that contained the nanoparticles was held static for 3 days; some nanocopper sediment formed in the bottle; the 
upper solution was then extracted into another bottle. Adding oleic acid exact volume of upper solution that taken 
out for particle surface modification; reduced formed nanocopper sediment formed in the bottle. The content of 
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nanocopper was 0.2, 0.25, 2 and 3% CuO with other modified samples. Three test were conducted for each 
suspensions at a sliding speed 1200rpm, 400N applied via cantilever and 60-65 degree Celsius adjusted 
thermocouple in four-ball tribomachine. Wear surface on ball bearing were characterized using optical microscope 
(OM) to detect the wear scar diameter of each suspension. 
 
3. Results and discussion 
3.1. Viscosity and Viscosity Index 
Liquid paraffin oil containing nanoparticles yield better friction-reduction behavior. One of the reasons might be 
the effect of viscosity. In general, lower temperature results in higher viscosity. The viscosity of liquid paraffin 
containing nanoparticle is higher than that of the liquid paraffin oil without nanoparticles as shown in Fig. 1. 
Investigation have been made Masjuki [5] where the higher viscosity index for two different types of base-oil which 
one of them contain a strong intermolecular interaction with increasing temperature where in this studies Oleic Acid 
was added for surface modification where a strong intermolecular forces referred to as Van der Wall forces describe 
the interaction between the hydrophobic ends of the oleic acid molecules. 
 
 
 
Fig. 1. Viscosity of nanoparticle for all suspensions 
The 3% CuO of paraffin oil has the highest viscosity among the other nanoparticle contents concentrations and 
hence, should shows the lowest friction coefficient among the modified nanoparticle surface suspension but high 
wear scar diameter makes it among highest friction coefficient. Even though for commercial oil (SAE15W-40) 
showing highest viscosity (at 40 and 100 degree Celsius) with small wear scar diameter but still 3% with 
modification has the lowest friction coefficient. On the other hand, at higher temperature, the viscosity of each 
lubricant is very low where the higher nanoparticle contents in the suspensions make the mixture more viscous in 
lower and higher temperature. It is not easy to establish the oil film between the rubbing surfaces, so other possible 
mechanism of lubrication should be investigated. This problem clearly stated during running in period where during 
cold start engine the lubricant not at optimum temperature for operation.  
 
 
3.2. Tribological property and characterization 
 
Fig. 2(a) and (b) illustrates how all nanoparticle concentrations in liquid paraffin diminished the friction 
coefficient compared to pure liquid paraffin. However, results for each suspension differed depending on 
nanoparticle concentration. The lowest friction coefficient was 0.185 obtained for a nanoparticle content of 0.2% 
CuO and the highest was for a 3% CuO concentration at 0.247 for liquid Paraffin + CuO suspensions.  In contrast 
after modification, the lowest friction coefficient was obtained at 3% CuO modified at 0.123 and the highest at 0.2% 
of CuO modified at 0.158 for liquid paraffin + Modified CuO suspensions. Both type of nanoparticle suspensions, 
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therefore, exhibited clearly different friction coefficients for each nanoparticle concentration. 
 
 
 
 
 
                                            (a)                                                                                                            (b) 
 
Fig. 2.  Friction as a function of time for (a) Paraffin + CuO suspensions and (b) CuO with modification 
 
 
Fig. 3. illustrates that the lowest friction coefficient (and therefore maximum friction reduction) of all tested 
suspensions was found for a content of 3% of CuO modified. The highest friction coefficient and lowest friction 
reduction was provided by the Paraffin + 0.2%CuO suspension.  
 
 
 
 
 
 
Fig. 3. Wear scar diameter of nanoparticle suspensions contents  
         
 
In contrast, this mixture also exhibited the lowest wear, with a reduction of about 600 – 800 mm in comparison with 
unmodified suspension of CuO. Fig. 4. The paraffin + CuO with modification suspensions exhibited good wear behavior. 
In general, Paraffin + CuO without modification still cannot beat pure paraffin wear scar diameter only at 602 mm. The 
antiwear mechanism of nanoparticulate additive can be explained as when the lubricant film between tribo-pairs 
becomes thinner and mixed lubrication or boundary lubrication occur, the nanoaprticles may carry a proportion of 
load and separate the two surfaces to prevent adhesion, thus benefit the anti-wear properties. CuO is sphere-like with 
average sizes of about 50-60nm may results in rolling effect between the rubbing surfaces when the boundary 
lubrication occurs. 
Fig. 4. Friction reductions as a function of nanoparticle concentration 
for all tested suspensions. 
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In Addition, Fig. 5. illustrates that almost half of wear scar reduction (WSD) where from 1200mm to 600mm 
been reduced from a unmodified CuO suspension to well modified CuO suspensions. In contrast, this mixture also 
exhibited the lowest wear, with a reduction of about 600 – 700 mm in comparison with unmodified suspension of 
CuO. The paraffin + CuO with modification suspensions exhibited well wear behavior. In general, Paraffin + CuO 
without modification still acted a weak (WSD) behavior compare to pure paraffin wear scar diameter only around 
1000 mm to 1100 mm.  
The anti-wear mechanism of nanoparticulate additive can be explained as when the lubricant film between tribo-
pairs becomes thinner and mixed lubrication or boundary lubrication occur, the nanoparticles may carry a proportion 
of load and separate the two surfaces to prevent adhesion, thus benefit the anti-wear properties. CuO is sphere-like 
with average sizes of about 50-60nm may results in rolling effect between the rubbing surfaces when the boundary 
lubrication occurs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Wear scar diameter as a function of samples 
 
3.2. Micro mechanical properties  
 
The wear surfaces of the sample when the base oil was used a lubricant shoed combination of abrasive and 
adhesive wear presence of oil at the interface reduced the COF but it was fluctuating during the test duration. Hard 
debris generated during sliding entrapped in the oil might have deteriorated the surface further.  Liquid paraffin oil 
containing nanoparticles yield better friction-reduction behavior. One of the reasons might be the effect of viscosity. 
In general, lower temperature results in higher viscosity. The viscosity of liquid paraffin containing nanoparticle is 
higher than that of the liquid paraffin oil without nanoparticles as shown in Table 2. The 3% CuO of paraffin oil has 
the highest viscosity among the other nanoparticle contents concentrations and hence, shows the lowest friction 
coefficient among the modified nanoparticle surface suspension at temperature around 60-70ƕC. 
On the other hand, at higher temperature, the viscosity of each lubricant is very low where the higher 
nanoparticle contents in the suspensions make the mixture more viscous in lower and higher temperature. It is not 
easy to establish the oil film between the rubbing surfaces, so other possible mechanism of lubrication should be 
investigated. 
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              (a)   (b) 
Fig. 6. Sample of microstructure of wear surface for the suspension with high anti wear behavior; (a) pure liquid paraffin;  
(b) CuO2% + liquid paraffin 
 
Conclusions 
 
1) Nanoparticle copper as additives in liquid paraffin can effectively improve the lubricating properties of 
suspensions in paraffin. The formation of copper film separates two friction surfaces and avoids their direct 
contacts. Furthermore, the low hardness of the film results in the reduction of friction, while the low elastic 
modulus increase the elastic deformation of the contact surface and reduces wear. 
2) Suspension of 3% CuO nanoparticle content with modified exhibited the best friction coefficient at 0.13 and 
nanoparticle content of 0.2 % CuO modified showed the better result for wear scar diameter results at 590 
mm.The results indicate that the higher concentrate of CuO, the better the tribological properties and surface 
modification inferred that a protective film with lower elastic modulus and hardness is formed on the particle 
surface 
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